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ABSTRACT

RAPID METHODS FOR THE BACTERIOPIHAGE TYPING
OF STAPIIYLOCOCCI

OBJECT

To review the progress rnade in the development of rapid methods
for the bacteriophage typing of staphylococci. New techniques developed

in this labcoratory, as well as modifications of conventional procedures.
which reduce Lhp total time to type staphylococci by the bacteriophage
method are presented.

RESU L'rS

The time required to type staphylococci by the bacteriophage
method can be substantially reduced through the application of rapid
methods for propagating the typing phages, rapid visualisation of test
results, and through the use of self-contained typing systems.

CONCLUSIONS

It is apparent that conventional methods for bacteriophage typing
are subject to improvement and that such improvement will bring this
important epidemiological tool within the capability of the average
hospital. The development of a dependable and inexpensive self-contained
typing systems represents a p1 p toward the achic iement of this goal.

RECOMMENDAT IONS

None.
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R.APID MLTiiODS FOR TIlE BACTERIOPIlGE FYPLING

OF STAPnYLOCOCCI

I. IN rRODUCTION

The importance of barteriophage typing in the prevention and con-

trol of staphylococcal disease is best emphasized by the fact that it is the

only reliable technique presently available for tracing~the sources of

infections caused by strains of Staphylococcus aureusZ6. Since prompt

recognition of the exirtence of a staphylococcal problem and the ultimate

elimination of the causative strains from the hospital depend upon rapid

id~entification of the strain, it is essential that this important epidemlu-
logical tool be readily available to all hospitals. The speed with which I

an epidem., of staphylococcal infections may a' eep through a nursery,
ward, or et~re hospital is well known and serves to emphasize the need
for rapid identification procedures at the local level. At the present
time, however, the expensive and time-consuming ph=zge typing service
is confined to typing centers located in metropolitan hospitals and medi-
cal centers, state public health laboratories, and research institutions.
Although most hospitals may submit cultures to these typing centers
for identification, the long delays associated with zollection, trans-
portation ant, processing of such cultures makes such information of
little immersiate value in the control or prevent.on of epidemics. Final
information concerning cultures submitted to a distant center may be
delayed for periods ranging from 'n days to 6 weeks.

Before phage typing can be utilized to the fullest. extent in the
prevention and control of staphylococcal disease the typing. procedure
must be simplified and brought within the capability of the average
hospital laboratory. Very little progress has been made toward sim-
plification since the classical studies of Williams and Timmins36,
Fisk1 4 , and Williams and his associatesl, 34, 35. The unpublished
recommendations of the Subcomrnittee on Phage Typing, International
Committee on Bacterial Nonienclatui.u, adopted in 1953, were general
in nature and were designed to give uniformity to the inte'-pretation of
results. No rigid procedural rules were established although the re-
comnLiendat~ons were essentially based on methods developed in the
Central Public Health Laboratory in London 3 4 .

Onerating within the freedom permitted by the recommendations
of the Subcornm:ttee on Phage Typing a program was undertaken in
this laboratory in 1958 to inves.igate possible ways of simplifying the
staphylococcal typing procedure and of redi'cing the time required to



obtain the results of typing tests. Although thLe nflan ol0,ek'tve .•, tt.'

design of a typing systern .or use in sniiall niilitary hosp:ttli anr(i t :ii:,
it was recognized early in the investigation that most of the probtlnis
and needs in connection with phge typing were c omnion to a' 'I hosp:tLis.

civilian or military. Many of our findings appeared to be applicable to
the general problem of phage typing. This paper describes some of the
new techniques evolved in our laboratory. as well as modifications o1
conventional procedures, which have reduced the time required to obta.n
phage patterns of staphylococci. F,)r details concerning the development
of the conventional typing p-ocedures the reader is referred to the many
excellent papers in the literature 3, 4, 14, 15. 32. 34. 35.

II. PROPAGATION OF TYPING PHAGES

The most time-consuming operation in the phage typing procedure
is the propagation of the phages. To develop a complete set of typing
phages at the critical test dilution may require the services of a skilled
technician for, a period ranging between I and 6 months. In addition to
requiring a great deal of time, the propagation step also involves the
use of expensive equipment and large amounts of laboratory space.
These and othir technical and mechanical problems require solution
before the typing procedure can be utilized to its most practical potential.

Propagation of the typing phages is most often performed by the
addition of a suspension of the stock phage to its specific propagating
strain of the surface of agar plates 3 4 or within a semisolid agar over-
layer 3 . Following incubation the phage is harvested by washing the
surface of the agar plate with sterile broth or by extraction of the phage
from the agar overlayer by a variety of complicated techniques 4 . Afte-

filtration and titration the phage suspensions are adjusted to the critical
test dilution for use in the test procedure.

Most of the typing phages can be propagated in broth when proper
precautions are observed' 4 20, 26.]3"34. in some instances, however,
it is difficult to obtain high titers in liquid media. Recently, ;t was
shown that aeration and agitation of liquid cultures during incubation
substantially reduced the time required to obtain acceptable titers of
phage 7 .

Liu 1 8 applied the cellophane plate technique, originally developed

by Birch-Hirshfeld2 during an investigation of staphylococcal hemolysiin,
to the production of typing phage 3A. Although the technique gives *satis-
factory results when applied to other typing phages (Table 2). we have
found that harvesting from the cellophane plates presents many problems 9 .
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Soft agar propgat;oris. Stud:es condutcted :nthte labo .•torv havt-
recently shown that propagations nria, be carried out nz thi:n layer6 of
soft agfr withc6ut the use of the fi rm agar base. Very soft 4Ltar (0. 1
per cent) is used. ['he media is dispensed in appropr:ate aToLunts ill
test tubes following preparatioo and cooled to .17'C. 'The tubes are then
inoculated with suitable amounts of the propagating strain and stock
phage suspension. After mixing thoroughly, the contents of the tubes
are poured into sterile pe'ri dishes to a depth of approximately 8 mm.
Since this system remains very soft on cooling, the plates are incubated
in the upright position at 37'C. for 4 hours. The plates are then per-
mitted to stand at room temperature overnight prior to harvesting. On
the following morning the contents of the plates are returned to sterile
test tubes without the addition of extra broth and the tubes are chilled
in a refrigerator. Following centrifugation for 40 minutes, during which
time the agar, host cells, and cell debris becomes packed, the relatively
clear, concentrated supernatant can be harvested. After fiitration and
tit'ation these concentrates suspensions may be used to prepare critical
test dilutions.

The reziAltz of .i typica, propagation experiment involving phages
of groups I. I, I11, and Miscellaneous are presented in Table I, page I6.
Photographs of titration plates are presented in Figures 1. 2. and 3,
pages 18, 19, and 20. It may be seen that propagations may be carried
out effectively in very soft agar ;.nd that a single passage produces ac-
ceptable titers. The results also ihow that the thickness of the agar
layer influences the titer cf the yield (Figs. 2 and 3). The addition of
calcium chloride to the agar (400 mcg/ml) did not appear to influence
the results obtained in thick agar layers urder the conditions of this
experiment.

Advantages of propagating in soft agar include saving of time and
money. Since a single passage in soft agar usually produces acceptable
concentrations for typing, larger numbers of phages may be propagated
simultaneously with a resdlting ecoiior-• of materials And time. liar-
vesting is simplified in that the procedure is repeated a minimum
number of times to produce a complete set of phages at the critical test
dilution. Because it is not necessary to use additional broth during the
harvesting procedure, the resulting suspensions are mtore coni.entrated
than those usually obtained when the conventional proct.dure :s used.

Dialysis bag propagations.. A technque for the produl'ction of
staphylococcal typing phages in bags made from seanfless dilIVsLs
tubing has recently been desc ribed'. I'his newly developed tet lhn.que

3



combines the adxantages of propagations :n liqu,4l niedia with tihe rt-

duced incubation times which characterize aerated culturcs -nd the

cellophane plate procedure. The bags are prenpared from seamless
dialysis tubing measuring approximately 3,4 inch in diameter and (i:

into lengths sufficient to accommodate approximately 10 ml. of brotii.

The bags are sealed by tying at one end with a simple overhand knot and

are wrapped in damp towels for sterilization in a pipette canister under

steam pressure.

The propagation system consists of 0. 2 ml oi a stock suspension

of phage (CTD ranging between I0"- and 10-2 and .3 ml. of a -I-iour

broth culture of the appropriate propagating strains adjusted to contain
between I03 and W0• cells per mnl. The volume of the contents is then

made to 5 rid. by the addition of sterile trypticase soy broth containing
added calcium (400 mcg/ml). The bags are then sealed following the

removal of all air and bubbles by tying (Fig. 4. page lI). After being

properly marked for identification the bags are submerged in a flask
containing a liter of trypticase broth with added calcium. To get niax:-

mum aeration and agitation, the broth in the flask is magnetically stirred
during incubation (Fig. 5. page 24. The incubation period lasts 4 hours

and is carried out at 35"C. Contents of the bags are harvested follow-
ing incubation by remov;ng the bags from the flask. rinsing with dis-
tilled water, and clipping off one end of the tubing. The contents are

then poured directly into a Seitz filter. An alternate method of har-
vesting consists of the use of a Swinny filter (modified to accommodate

0. 4-- , pore size molecular membrane filters) (Fig. b, p,.ge 23). The

latter method of harvesting is especially useful when the volume of the
propagating system does not exceed 10 nil. The resulting suspensions

are obtained with a minimum loss of volume and potency.

The results of an experiment involving the propagation of Group
I1l phages in dialysis bags are presented in Table II. pagel6. Fur com-
parative purposes the results obtained when the same phages were
propagated on cellophane plates and in semisolid agar are P--2,nted.

The same inoculuni was used in all expieriments. Since the figures in

the table are reciprocals of tne highest dilutions producing confluent

lysis of the appropriate propagating strains, they mav be used for com-
parative "urpores. It may be seen that a single passage of the phages
in dialysis bags produced acceptable titers approxinmately eqUal to ti )se
obtained by three passages using the other methods.

Among the advantages of propagation in d:alys:s bags is the ,toi-

plete elimination of solid meda 'rom the prt), edtire. The si riplif.ed
harvesting procedure saves time anti money. lv'riiras the greatest

4



advantage, however, is derived tram the fact that all of the typing
phages may be propagated simultaneously under uniform conditions.

Suspensions harvested from the dialysis bags are easily prepared for
use in the typing procedure since complicated extraction procedures
are eliiinated.

III. RAPID PHAGE TYPING

The second most-time consuming step in the phage typing pro-
cedure is the incubation of the completed test system. A review of the
recommendations concerning incubation in the literature reveals riany
variations in times and temperatures. Normally, the incubation period
ranges between 1 8 and 30 hours and is carried out at temperatures be-
tween 30 and 37* C. In some cases incubations for 4 hours at 35' C.
is followed by a period during which the test plates are permitted to
stand at room temperatures. In every instance, however, the extended
periods of incubation have made it impossible to complete a typing test
and read the results within the hours of a normal workday. In an effort
to reduce the time required to obtain the final results of typing tests, a
technique has been developed in this laboratory which enables the tech-
nician to read the results of typing tests, with acceptablo accuracy,
within 4 to 6 hours following inoculation. The technique may be used
in connectiorn with the conventional miLrodroplet typing procedure by
the addition of a simple step.

Rapid visualisation techniue. The use of synthetic and natural
oxidation-reduction indicators in connection with drug sensitivity tests
has been reported6 ' 17, 19, 2-24. 27 However. there have been few, if
Any, attempts to use similar techniques to reduce the time required to
obtain the results of phage typing tests. Menolasino2 l recently reported
that the addition of minute amounts of tetrasolium chloride to the test
agar resulted in a contrast which greatly facilitated the reading and eval-
uation of the results of staphylococcal typing tests. The incubation per-
iod, however, was not shortened by thc isa of tetrazolium-tryptone soy
agar. Sorenson2 8 found that the Incubation time for antibiotic sensitivity,
test could be reduced through the use of an oxidation-reduction indicator
incorporated into a soft agar overlayer. Appropriate drugs could be
selected with accuracy in 2 to 6 hours following inoculation, depending
upon the species of bacteria involved.

In both antibiotic sensitivity and bacteriophage typing tests and de-
termination of the final results depends upon the detection. within a
lawn of cells growing normally, of sznes of inhibited bacterial growth.
In both tests the fundamental reactions leading to the ultimate (rrn-ation



of zones of inhibite'd growti. uccuir withk.i a lew -uru afte r ino.-ul it. w.

rhe ren~ainder of *.ne incub..t,,on st-e ref,:jre- dcvott:-( to proriiot.,n o

sufficient cellular growth on the btirtace of the test pl.tte to enable tile

technic.an to d;stinguish, -i Aually, the zonr-s of inhib~ted growtia pro-
duced by drugs or bacteriophag-s. Our eff )rts to reduce the ;ncu.iat c;r,

period have been directed toward the vlsua i~zlt.on ot tnie test lawvi. as
rapidly as poissble after the oc currence of the fundam~ental reactions
leading to t e formaution Of 70flC3 of bacterial lysis.

rhe prel.:tfinary results of our invebtigation of rapid visualizatoiil
methods. applicable to staphylococcal phage typing tests have been re-

ported'-. Fssentially. the techn.jue involves the use of synthet~ic
o'xidation- reduction indicatoi s .incorporated into semisol~d agar over-

layeris. rwo indicators. resazurin and tetrazolium chloride have been
used succeasfuily :n routine 'Yp~in tests.

A stock aolut.*-n of resazurin to be used in the preparation of the

indicator agar was prepared in advance by dissolving 200 mg. of re-
sazurin reagent (Allied Chem~cal anu' Dye Corp. ) in 10 ml. of ethanol.

This solution %%as then made kip to a volume of 200. ml. by the addition
of boiling water. The solution was then cooked, passed through a Seitz

filter, and transfet red to a brown glass bottle for storage under ref rig-
e rati on.

Trhe stock solution of tetrazoliuzn indicator was prepared in ad-
vance of use by dissolving 1. 0 Gm. of 2, 3, S-triphenyl-211-tetrazolium
chloride (Allied ChernicL.. and Dye Corp.) in 100 nil. of distilled water.
The solution was then passed through a Seitz filter and transferred to a
brown glass bottle for storage under refrigeration.

The overlayer is composed of 1. 5 per cent agar. Base, nutrient,
trypticase soy, or heart infusion agar may be used. The medium is
prepared in advance of use and fur coziveniP-nce is dispensed in 15 nil.
aMounts in test tubes prior to bterilization.

Rapid v:su~alizat.on is uset. in connection with tk'c conventiona!
mnicrodroplct typ.ng pro Ldure andl the test plates are ;nc'ibated for 2
hours at ii C, prior to application of the indicator agar overlayer. Tlhe
prelmn:nary iticubat~on period may he n..re accurately determined by
applying a small drop oi the reiazur;n on the surface ni the test Pl~Lte

and inctibating until t~he blue area turns pin~k. In most L.iScs. however.
a standardized -2 hour pre- ýncuhatt~on period Is adequate for staphIyl()
coccal typing.



Diur:ng th. preC lIu At on '" 0 t ''A, " . ",

prepared by 1..ing I ' th t . iU.,t: ;t ti " , Al -i

of the stuoc so ut~on of tctrazul.'.nl r:t' :u ca, uti ":1 , , t-:i :1, T':

solid agar ptre -ously mielted and cnoled to ," C:. l tbtc, o: ternr , :e

,ndicator agar may be con\ e ent'v ,)repay red !n advince (it .se .antfim:c,

in a water bia It unrt the compiet ,n of the p-elm-inary incuiiatul r,)(-- ,) :..

Upon comple:.ion of the pre-"cebat.o,- r.od the test piates .ti

removed from the ;ncubator and a sufficient amotr.t of .n'it at.Ior a -.

carefully poured over the surface of each plate to g".e a d(lpth iil ap

prox.niately -nAn. (Fig. 7, page 2 1). After the overl;ayer has soldi!A ed

the plates a- returned to the incuoator and observed at 15 minute prt.-r-

vals. Zones tf lys:s appee.: as blue crcular areas of a backgrount: )-
pink agar (Fig. 8, pageZ-)when resaz-crin is used and maxlmun, color
contras xsuaily oct: trs within 90 nitnutes following the additio- tif the
indicator eve.-layer. When tetra.-,lurn 9s selected as the indicator the

zones of l)sit. appear as clear circtslar areas on a background of red
agar (Fig. ý), page26) and nmaximum color development usually req-mires
I .,j A, !ours t f additional incubation.

The pobsibility of growth inhibition lue to the presence of the
oxidation- redaction indicators in the overlayer is minimized by the
preliminary in-cubation period. This period permits the establisnriezit
of a substanti•A lawn growth and the occurrence of the essential re-
actions leading to the !ysis of areas of the lawn by phage prior to the

application of the indicator agar.

Certain precautions should be observed when the rapid visual'za-
tion procedure is to be applied to bacteriopiage typing tests. These

include: 1) the use of agar test plates with very dry surfaces. 2) appli-
cation of the overlayer with the plates resting on a level surface to
assure kmniforni layer thickness. 3) the use of extremne care during the
application of the overlayer to prevent disturbance of the integrity of
the test lawn and plaque pattern (Fig. 7. 24). 4) the indicator agar should

be ceoled to 45* C. betore pouring, and L) the overlayer must s,, i, 'y
completely before the test plates are moved to the incubator. The ob-
servance of these precautior.s wil prevent the slippage of the indic.ýtor

overJayer during the test per od ;.nd will minimize the distortion of ihe
plaque pattern.

The results obta:ned when ,0 coagudase-positive strains of staphy-

lococci were typed oy the convent-onal and rdpI'l Vwsualizat:on re'
are presented in Table III. page 17. It nmav be seen that rniz.;or pattern.

, i I l l i i, . •7



were easily determr ned A ithin -1 t to, houus aiter :i• ,iit~ iu. :t,,r
pretation of the test results presenttd no ser:Ous !,r<l le:lis L,, a.'ise
distinction bet;-wecn strong and weak lyt•c r:.act:,ns -. easily r t•-vic.
With experience interinediate react'ons may also be obts rved and r,.-
corded with accuracy. We have found that the interpretat.in ). resti.ts
may be further simiplified through the use of the typing phages adjustcd
to 100 times the critical test dilution (100 x CTD) as recommended by
Wahl ani Fouace 3 0 , 31.

The principal advant,•-; of rap;d visualization lies in the fact th.;t
it reduces the tiese required to obtain the final results of typing tests by
reducing the incubation period from 18 to 30 hours to 4 to 6 hours.
Using this new technique the results of staphylococcal typing test may
be easily obtained within the hours of a normal workday.

IV. SELF-CONTAINED TYPING SYSTEMS

The feasibility of typing through the use of self-contained typing
systems has been under investigation in the laboratory since 1958 and
the preliminary results have been reported1 0 . Since such systems
would relieve clinical laboratories of the tedious, expensive, and time-
consuming steps involved in the conventional typing procedure. they
would also place staphylococcal typing within the capability of the
&.verage hospital laboratory. Important contributions to the development
of simplified typing systems have been made by Cavanaugh and Quan8 .
These investigators demonstrated the feasibility of using lyophilized
bacteriophage-impregnated paper strips for typing strains of Pasteurella
pestis.

Mora and Eisenetark2 3 extended the paper disc system to staphyl-
ococcal typing and obtained results equal to those obtained by the conven-
tional microdroplet procedure. They also demonstrated that phage-
impregnated discs could be prepared in advance of use and stored for
periods of 90 days without Loss of usable titer.

More recently a self-contained paper disc system for determining
the sensitivity patterns of bacteria to various antibiotics has been de-
velopeA by Brown and his associates6. Through the use of an oxidation-
reduction indicator incorporated into antibiotic-impregnated discs, these
investigators have shown that accurate results could be obtained withinZ
to 6 hours following the inoculation of the discs with a strain of bacteria.

The incorporation of an indicator system into baeteriophage-
impregnated discs was recentiy suggested1 3 and the preliminary restults

8



of experrments cond-icted w:tui , rx rrc:it ,

ported 1 0. Althougii acceptable r,'s.',t .%c:'t. ol.i .t. n. 'r.2:,
discs. instablay during stura et* presenitca i•:any r ri)it-Mins Jali(i . 1.trti

the useiuilnesi, oi the typ:ng systerni. Suusequ,,nt .r I:g.tti,'',a'.

shown that failure to ach,e e a very h~gh degree ,1 <•-):v'i r.lt:,o1 .i:.1

preparation and storage led to interactorn between tLe .rid:cator aliu t}h'

phages with a resultant reduction :n the sheli life of tne d:scs. 5Ucir

interaction waj possible because of the direct cor,z-act bet,..een the :ndi -

cator and *,he phages in the single component discs.

We have developed a multi-component disc system ?n our labora-

tory which alleviates many of the difficulties encountered in the orig.nal

discs. The new system provides for the mechanical separation of the

phages and the indicator until the time of inoculation (Fig. 10. page 27)

and thereby extends the shelf life of the discs. Shortly after inoculation

the separators •ose their ability to act as nmechanical barriers and the

constituents of the system diffuse freely in the matrix of moistened

filter paper.

Preparation of laminated phage typing discs. Sterile filter paper

discs (S & S 740-E) measuring 12. 7 nmu. in diameter are used as major

components for impregnation. Separators are cut from thin facial type

t'ssue. The indicator discs are impregnated with 0. 5 mg. of 2. 3. 5-

triphenyl-2H-tetrazoliurm chloride in an aqueous solution. Following

the inipregnatiun and drying these discs are stored in brown glass bottles

over a drying agent. Large numbers of these discs may be prepared in

advance of use and stored.

The phage component of the test system is prepared by impreg-

nating sterile filter paper discs with approximately 107 phage particles.
Suspensions of the typing phages tre adjusted to titers ranging between

107 and 1U8 particles in trypticase soy broth containing adde-! calcium

(400 mcg. per ml. ). Purified ovalbumin is then added to the adjusted

phage suspensions in amounts necessary to give a final concentration of

7 per cent albumin. After thorough mixing, impregnation is accomplished

by adding 0.2 rml. of the suspensions to sterile discs. The discs are

then shell frozen and iyophilized 8 . Success in the preparation of phiage-

impregnated typ'ng discs depends. to a large extent. upon achieving and
maintaining a high degree of dehydration folluw;ng Impregnation and

during storge. The f:nished phage-iuiipregnated d.scs are stured n
wax sealed glass v.als over a drying agent at temperatures ranging

between - 10 and - I C (,



The laminated test disks are assnr:I!deti s;),rt%. ::,. :".,

placing one of the :nd:cLat'jr discs .n eaclh ,vxe, u• i l••ast., :t,, re,, .,i

dish (Fig. 11. page 28). Separator d.scs are then plaJ .d onl top oi tii.
indicator components in each well. Finally. the pihag.e .nip regriatetd
discs representing the typing phages -re piaced .n thie appu roprate w.% -I!s.
Control discs consisting of only the indicator component are included with
each series. Test systems may be prepared in advance of use and Stored
in vacuo over a drying agent and inder refrigeration.

Typing is accomplished by inoculating ea•-h oi the laminated discs
with 0. 5 ml. of a slightly turbid culture of the test strain. To prevent
overpowering of the disc system we have found it convenient to adjust
the turbidity of the cuiture to an optical density between 0. 02 and 0. 04
oii the Coleman junior spectrophotometer and -185 m1•. This represents
approximately 104 organisms per ml.

Following inoculation the test system is incubated at 35'C. in a
high humidity incubator. The system is checked at in, minute intervals
until the control discs show maximum color development. Results are
then read by recording the numbers of the discs that did not undergo a
change of color from white to pink. These numbers represent the
phage pattern of the test strain.

Interpretation of the results obtained from typing tests carried
out by the dia. technique present no serious problems. In staphylo-
coccal typing the distinguishing characteristic is the visual appearance
of zones of lysis. Some strains are lysed so that the zone is confluent
while other strains are lysed with a semiconfluent zone. Both c, these
types of rcactions arc readily detectable when laminated disc:. are used
and reference is made to the color intensity of the control discs. With
experience, intermediate types of reactions may also be determined.
The results obtained when a series of cultures were typed by the disc
and conventional techniques are presented in Table !V, page 17. It
may -e seen that acceptable results may 1e obtained by the disc tech-
nique within 4 hours after inoculation

Self-contained typing systems provide many potential technical
advantages including: I) Large numbers of discs can be prepared in
advance of use. 2) 'Variations arising in culturing and subculturing of
the host cells and phages in the laboratory during propagations can be
eliminated. 3) Closely controlled batches of discs can be prepared
and predictable results can be expected. 4) Problems of contamination
can be minimized durtng storage and use of the disc., and 5). These



S,,stenils w.ouid 111,6e :i tc L. L.ll 1 aii ci t') :Ia-p' Jti,-.,,S

qusitrenen for 0.spaceDt. a, ' equIt(en A ould nLcrso% c i-eucdorc: riiat

abov mntaio niedhn advartns tag is hoed thainted tr YnL. hc1tui 11SA (J
containtaned typing systemscns be araned ,-vng thenear fuiturte.c r

qu dtwo nrpaew tacndustanordthe prompagatioo set o a~gphyoccal tyIn
phoe develope wuud abte U.t r.Am edclya Rieseoarc Laboratoi-ry ae

bree desscried A,,pplicatildi of therse tecnqe reduced s tha tm re-ut O I
quored metoiobtad acompltae Iet of hpeadesat the rinicalctues dlion byl
simplifingd thein proagtion cand hearvestng poedui eresuure

Arw new techniquew for the raopidvaliation of stphe resulatypiof
stphylocdvo ed hat. typin U. has beyenia FReseatech Uaingathis teh-v

nique the r'crults of typing test may be easily obtained within the hours
of a ncrrnal workday.

The results obtained in studies Lf the development of self-contained
phage typing systems have been presented and discussed. The develop-
ment and production of such systems could provide many technical and
mechanical advantages over the conventional microdroplet typing pro-
cedure and would make phage typing available to the staffs of all
hospitals in the form of an economically feasible routine laboratory
procedure.
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"S! t 3in %o. rot, v Prn t. i On . -1 4 fto

1 29 S? S2A 80, Al 2q S ., 80 a I
2 ?9 S2 52A 79 80 29 52 S:A '7 so
3 b4, 6 41

4 3A jS 3C 71 31i 3C 71 (..ak 3.4

6 ti 47154 is 83 471,54.7'5 8 3
I Untypotl 1.tntypable

8 24 S? StA d0 29 '52 'S2A,'80 ( wook 8 1)
9 41 5 3 5 4 7 7 '113 f? '53 '77 83 (weak 54)

10 3 8 3r 55 '71 3 BX'3SS:7!

'IfleutatLofl.30 hours. 35 0C.. Typing pbiayqe. 100 x (TD.

-Incubat ion -4 to 6 hours. 35 
0 C.. Typing phaqes -100 x (71).

TABLE IV

PA1TtiHN' UF CUAC.ULASF.POSITIVE STAi44YLOCDCCI AS [XTIERmiiIN&V kWV

4o'NVET~Ii.At A*40 LAMINiATED Disc TECHNIQUES

Phaq. Pattern.
Stra in Na. Conventional* Lasmnated Disc-

I 29'52/S2A/60/81 29/52/52A/80.'Ol
2 29.52/S2A/1S/60 29/52'52A;8 (soak '79)
3 6,4 - 6/47
4 3A 38/317'71 35,71 (soak 3A,'3C)
S 80 111 00/81
6 6 4 75S4, 75 '3 6/'41/S4/43 (soak IS)
I Untypablwl Umtypablo (very weak 42r)
8 ?5 2 'S2A;40 21!-'52/S2Ai4O0 (soak 91)-t
9 47'53,'54/77 63 4713/17743 (weak S4O

;o 3P~ 3CSP,1 38 51/7: t.eak 3(1

*Signif ic-ant reactions at the CrD. Incibatio.: 30 hours at 3S0 C.

**:'iqnificsrnt reac-tioEns after 4 hours incubation at 35 (-.

'Lntv 1 .oabo at (TD); 421F: (it 11,03 x M)I.
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Fig. 1 Titration of phages 71. 47, 5 3. and 54 propagated in 0. 15
per cent agar. Decimal dilutions range from 10-1 to 10-6
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Fig. 2. Titration of phage 80 in soft (0. 15 per cent) agar showing
the effect of layer thickness on yields. Propagations were carried
out in thick layers (6 - 7 cm.) in test tubes without added calcium
(top row) and with added calcium (middle row). Bottom row shows
the yield obtained from a single passage in thin layers (8 mm.) in
petri dishes. Decimal dilutions range from 101' (left) to 10-.
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Fig. 3. Titratior. of phage ?.9 in soft (0. 15) per cent Agar showing
the effect of layer thickness on yields. Propaigations were carried
out in thick layers (t) - 7 cm.) in test tubes without added calcium
(!op row) and with added calcium (middle rcw). Bottom row shows
the yield obtained from a snigle passage in thin lays.rs (8 rnmm.) in
petri dishes. Decimal dilutions range fromn 10-l (left)to 10-6.
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Fig- 4. Dialysis bag* for the propagation of staphylococcal typingphages in Iiruid mediumn. Bags are sa,-aed by tying.

21



L0 a

Fig. S. Propagation of AtaphylocoLc l typing phagts in subrmerged

liquid culiuirem. Contents of thr flatk are st.rred (lurmng incubatiuo
to promote aeration.



Fi.6. IHarvesting slaphylococc al typin~g phagas propagated indialysis bags. Swznny adi~pers fitted on syringes ~ eused t.oobtain~ suspensions of high potency with a minimum lo..A& .nvoluzne.



Fig. 7. Technique for applying the indicator overlayer to phagetest plate*. The use of a sterile glass rod to direct the streamof melited agar to the center of the surface minimize& the dis -turbance of the lawn and distortion of the plaque pattern.

24



E'2g. 3.Rapid v:S au.llzat on of the reb&ults ý)ij Saphli ~ phagetyping test thruug, tile ume uf rcsaz, r n rindator agar. File pldjtewig incubated for 90 minutea f 1)lIw ngipa on f tile ove riaycr.(Pattern: 21)/;)2,i2Ai80). rhe irregl ir x~iiptd stpot ;n U till. ~of the plate wai caused by at pile up of -itgir it th, pour po. nt.



Fig. 9. Rapid visualization of the results of a staphylococcal phage
typing test through the use of tetrazoliuxn indicator agar. The plate
was incubated for 180 minutes following the application of the over-
layer. (Patt. -n: 3B/3C/55/7 1).
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FILTER PAPER DISC
PHAGE COMPONENT

~ ~ TISSUE SEPARATOR0

~ FILTER PAPER DISC
INDICATOR COMPONENT

Fig. 10. Exploded view of laminated typing disco..
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Fig. 11. Photograph of the laminated disc typing system showing
the degree of contrast between positive and negative reactions after
4 hours of incubation at 35*C. Phage pattern: 29/5Z/52A/3O/81.


